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Abstract 
As temperatures change daily and seasonally, the spans of integral bridges increase and 
decrease, pushing the abutment against the approach fill and pulling it away. As a result the 
bridge superstructure, the abutment, the approach fill, the foundation piles and the foundation 
soil are all subjected to cyclic loading, and understanding their interactions is important for 
effective design and satisfactory performance of integral bridges. In this study, a finite element 
analysis has been performed to gain insight into the interactions between integral abutments, 
approach fills, foundation piles and foundation soils. The finite element analyses indicate 
appreciable rotations occur in integral abutments, resulting in the shear and moment reductions 
in the piles. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
Department of Civil Engineering, Sebelas Maret University  
1. Introduction 
The rapid increase in the number of large scale structures such as bridges, shear 
walls which are widely used in Kingdom. A bridge should be designed such that it is 
safe, aesthetically pleasing, and economical. Bridges without expansion joints are called 
s bridges can be classified into four groups (Wolde-Tinsea 
and Klinger, 1987): 
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This rigid connection allows the abutment and the superstructure to act as a single
structural unit (Fig1). 
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Figure 1. Simplified geometry of an Integral Abutment Bridge
The literature review yielded a limited number of published papers in the subject
area. Only few studies (Jorgenson, 1983, Girton et al., 1991, Hoppe and Gomez 1996, 
and Kapania, R. 1997 etc.) were found that describes the performance of piles of 
integral bridges.
Integral Abutment (IA) Bridges have been in use over the past thirty years.  They 
are more advantageous than typical bridges because of their lower construction and
maintenance costs and because of their greater durability.  The problem with IA bridges
is the buildup of stresses in the structure.  Stresses in IA bridges are larger than those in
conventional bridges because the only stress release is at the abutment, whereas 
conventional bridges use expansion joints as stress relievers.  For this reason they are
only used in limited situations, typically with lengths less than 600 ft (182.88 m), skew
angles less than 30 degrees, and little to no curvature.  Guidelines and current design
procedures are typically based on past bridge performance.  Little has been done to
verify design guideline assumptions with actual bridge behavior.
from bridges crates concerns for the piles and the abutments of integral bridges because
the abutments and the piles are subjected to temperature-induced cyclic lateral loads. As 
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temperatures change daily and seasonally, the lengths of integral bridges increase and 
decrease, pushing the abutment against the approach fill and pulling it away. As a result 
the bridge superstructure, the abutment, the approach fill, the foundation piles and 
thefoundation soil are all subjected to cyclic loading, and understanding their 
interactions is important for effective design and satisfactory performance of integral 
bridges. 
2. Bridge Geometry 
A 300-ft long integral abutment bridge was selected for the parametric analyses. It 
was assumed that the bridge consists of W44x285 steel girders spaced 8 feet apart, with 
a 10-inch thick concrete deck, resting on 10-ft high 3.0-ft thick abutments, which are 
supported by HP10x42 steel piles, spaced 6 feet apart, as shown in Figure 2. 
 
Figure 2. Geometry of bridge considered in finite element analysis 
The enlarged view of the integral abutment bridge is shown in Figure 3. 
 
Figure 3. Enlarged view of integral abutment bridge details 
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The bridge was modeled as a plain strain problem, with symmetry around the
centerline of the bridge. The finite element mesh used in the analysis is shown in Figure
4. As can be seen in Figure 4, the mesh is finer around the abutment, and is coarser near
the boundaries. Zero-thickness interface elements were used between the approach fill 
and the abutment.
Figure 4. Finite element mesh used for Bridge Analysis
3. Material Properties
The parameters used in this analysis were obtained from published literature
(Duncan et al., 1980, Reese and Wang, 1997). Table 1 summarize the material
properties used in the analyses.
Table 1. Properties of structural components
Structural Component Bridge beams Pile
2.43 x 106 0.36 x 106
EI (kips-ft2) 4.95 x 106 14.44 x 103
Spacing (ft) 8 6
EA per ft. (kips/ft) 0 60 x 106
EI per ft. (kip-ft2/ft 600 x 103 2.4 x 103
4. Finite Element Analysis
The purpose of the analysis was to model expansion of the superstructure due to
increasing temperature. The load on the abutment due to expansion of the superstructure
was modeled by applying forces at the node where the superstructure is connected to the 
abutment.
A finite element analysis of a 92-m long, 25-m wide integral bridge was performed
to gain insight into the interactions between the superstructure, the abutment, the
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approach fill, the foundation piles, and the foundation soil. It was assumed that the 
bridge consists of nine equally spaced W44x285 steel girders and a 23-cm thick 
concrete deck, resting on 2.6-m high 0.9-m thick abutments, which are supported by 
equally spaced eighteen HP10x42 steel piles in medium dense sand, as shown in Figure 
2. The analyses were performed using the finite element program ANSYS. ANSYS is 
capable of analyzing plane strain soil-structure interaction problems such as the integral 
bridge shown in Figure 2.  
5. Result and  Discussion  
The bridge was modeled as a plain strain problem, with symmetry around the 
centerline of the bridge. The finite element mesh used in the analysis is shown in 
Figure4. As can be seen in Figure 4, the mesh is finer around the abutment, and is 
coarser near the boundaries. Zero-thickness interface elements were used between the 
approach fill and the abutments. 
Sections of girder and pile are shown in large scale in Figures 5 and 6, respectively. 
 
Figure 5. Girder section with beam element 
 
Figure 6. Pile section with beam element 
313 Aslam Amirahmad and A. Rahman Al-Sinaidi /  Procedia Engineering  54 ( 2013 )  308 – 314 
Approach fill is represented using 4-node quadrilateral element and foundation soil 
is represented using 6-node triangular element. Abutment displacements in x and y-
directions are shown below in figures 7 and 8 respectively. 
 
Figure 7. Displacement of abutment in x-direction 
 
Figure 8. Displacement of abutment in y-direction 
6. Conclusion 
This research project investigated the complex interactions that take place between 
the structural components of the integral bridge and the soil through analytical studies. 
A literature review was conducted to gain insight into the integral bridge/soil 
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interactions, and to synthesize the information available about the cyclic loading 
damage to piles of integral bridges. Finite element analysis indicate that the presence of 
the approach fill significantly reduces the stresses in piles supporting integral bridges. 
Pile stresses are slightly higher for the contraction mode than for the expansion mode. 
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